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MEMORANDUM 

DATE. October 19,1994 

TO: History File 

From: &&, Steve Paris, Group Closures, Bldg. 080, X8543 

RE: Document Modification Request (DMR) to SOP GT.18 Surface Geophysical 
Surveys 

Document Modification Request 94-DMR-001997 to SOP GT 18 Surface Geophysical Surveys 
lmted  to Operable Umt No 4, Solar Evaporahon Ponds can be distributed to the followmg 
mdividuals 

Kenneth Pacheco 
Steven Pans 
Fred Gngsby 
Peter Bierbaum 

- Tierra Envuonmental Consultant, Inc , 
- EG&G Rocky Flats, Inc , 
- EG&G Rocky Flats, Inc , and 
- ERM - Rocky Mountam, Inc 

cc R T  Ogg 
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for the base, h s  "be-m" conrectlon must be lncluded m the fmal SP value for each measured stauon. 

Most mterpretauons of SP data are perfomed quahtauvely, mvolmg preparaaon of h t a  profiles and contour 

maps, and assessrng the d u n g  a n d e s  Expenenced mtcrpretatlon considers all potenual sources of a 
gven SP anomaly and assesses whether the anomaly is charactenstic of the suspected target anomaly 

More sophstcated mterpretauon tcchmques can be employed, parhcdarly when corroborauve mfoxmauon 

exlsts, such as bonng data or data from other geophysical methods These other techmques mlude geomemc 

and analyucal modelmg The use of these techques must be evaluated on a project-specdic basis, with 

dscussion and approval of thev ment by EGBG personnel 

SEISMIC REFRACTION 

Introduction 

The seisrmc refracuon method uuhzes a seimc some to generc-2 seismc waves that propagate through the 

subsurface and are detected by an array of remvers known as smmometers or geophones, located on the 

surface Seismtc refracuon is used to map semc refkactors A refiactor is a geologc m t  that has a hgher 

s e i m c  velocity than the overlyng geolog~c utut A semc wave wdl nfiact fbrn the top of a refiactor at a 

cnucal angle defined by Snell's Law (see Dobnn (1 976) or Telford ( 1976)) The cnucal angle of refiacuon, I, 

is related to the velocity of the overlying and underlyng geologx m d a  by the followmg equauon 

where Vo is the semc velocity of the overlymg geologc u t  and V, is the sasrmc velocity of the underlyln8 

u t  (I e refractor) The refkacted seisrmc wave travels back to the surface to be detected by geophones 

Because the refracted wave travels along the mterface between umt 0 and utut 1 at \elocity V,, it follows that a; 
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some &stance from the source, the refiactor wll  amve before the beet wave, whch travels at velocity V, 

The success of the seismc refractlon techque is dependent on a number of factors, such as the depth to the 

refractor, the number and nature of mtervmg refractors and geologrc u t s ,  the velocity contrast between the 

overlymg and underlymg u t s ,  the nature of the seismic source, the &stance from the source to the receiver, 

the amplitude of the refractor, and the amount of ambient noise 

L. 

Seismc sources generate a number of seismic events mcludmg surface waves, beet waves, compressional 

waves, shear waves, and subsequent tranmutted waves, reflected waves, refracted waves, and converted 

waves These dfferent waves are detected by the geophones convertlng mechmcal mbratlons mto electncal 

voltages The electncal voltages are transmitted to the seismograph, &@bed, and recorded m electromc fond 

The seismograph normally has a number of recordmg channels, one for each geophone on the ground The 

seismograph starts remrdmg at the mtant that the seimuc source is actlvated The seismograph will & @ b e  

the voltage readmg at each channel at predetermmed me mtervals, known as the samphg rate, unbl the 

m m u m  recordmg tune is reached The &splay of the recorded data from one channel is called a trace The 

collectlon of all traces frm one seismic recordmg is called a record The seisrmc events of most mterest for 

seismc refractlon are the beet wave and the refracted waves, known as first breaks These events are 

recorded in elapsed tune ongrnatmg at the actlvatlon of the seisrmc source 

Most seimuc sources generate compressional waves also known as P-waves Surveys can be designed to 

generate and record shear waves also known as S-waves S-waves do not propagate through liquds or gases 

and therefore they are not af€ected by the presence of the water table Ths  can be useful in areas where a water 

table P-wave refrachon event may mterfere with mappmg another geologrc u t  

Many shallow mvestigatlons use hammers or other types of mpact dewces to generate seisrmc energy In most 
cases one mpact of the hammer is not sufficient energy A techmque called vertlcal staclung can be used to 

enhance the energy from a smgle hammer blow Multlple blows are recorded and the mdmdual records are 

added together w h  the seismograph Thls results m the cancellatlon of random now, and the deslred 

seismic signal is enhanced 

4 
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Seisrmc refiactlon data can be used to map one or more refiactors There are a number of techques avdable 

to mterpret the seisrmc record m terms of geologc u ~ t s  The most widely used techmque is the generaked 

reciprocal method (GRh4) The GRM method uses forward and reverse shots to add statlshcal confidence m 

the mterpretatlon ot the seismic refiactlon data 
.. 

Ths sectlon of the SOP speclfies procedures for surveys utdlnng the se imc  refiactlon method Ths SOP has 
been wntten to allow the geophysicist the necessary flexbility to design the refraction survey to accomplrsh 

speclfic project objectlves Because geophysical technology is constantly upgradmg, no speclfic procedures 

have been wntten for any particular piece of equpment The selectlon of speclfic equpment depends on 
project objectlves, budget, and best-avdable-technology (BAT) 

Survey Design 
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Digtal Seismograph 

Geophones and cables 

F h m 3  

Wooden Stakes 

Field Notebook 

Black waterproof @=anent) pen 

Tape measure (200 feet m m u m )  or equvalent 
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A standard field procedure for collectmg seisrmc reftactlon data is descllbed below Pnor to data collectlon, 

two prelmary procedures must be conducted These are 

0 Design the appropnate field parameters, grven the purpose of the survey (e g , 

onentatlon of lmes or gnd, geophone spacmg, ftequency of geophones, seisrmc 

source selectron, number of source locahons, and number of channels) and the 

techque to be used to reduce the data (e g , GRM method) 

0 Survey lme endpomts and mark these locatlons m the field with stakes Mark 

geophone and source locatlons with flags or stakes Gather elevatlon data of statlon 

locatlons where slope breaks may effect data processmg and mterpretatlon 

Transfer h e  locatlons to the correct positlon on the base maps 

Design of appropnate field parameters must consider the followmg 

. The seimc source must generate sufficient energy to overcome ambient noise and 

generate a reftactlon event that has a sigmficant signal to noise ratlo to allow the 

accurate piclung of the amval tune 

. The geometry of the source and receiver statlon locatrons must provlde the 

necessary resolutlon to meet the objectives of the survey Blmd and hdden layers 

cvlll normally not be detectable 
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A standard field procedure for conducbng a seimc refiactlon survey is descnbed below 

Perform a vlsual survey along the proposed lines The vlsual survey wll rnclude a revlew of site 

u ~ t y  plans, check for manhole covers, buned cables, buned gas h e  mdmtors, and cased momtor 

wells, and have site locators confirm the presence of any possible telephone and utllity features Note 

features m the field notebook Move source Iocatlons as necessary dependmg on source type 

k 

Note m the field notebook large vanallons m topography III the survey area mcludmg sod changes and 

water features 

Set up a test lme Test m e y  parameters ~tl a representative area or near known geologx 

lnformatlon Mod@ the survey parameters as necessary Check equlpment for proper operatlon 

accordmg to manufacturer's specrficatlons 

Conduct seimc refiactmn survey If locallzed conditlons change sufficiently, then survey parameters 

may be m&ed to meet project objecutes 

If hard bopies of a seimc record are made d ic ient  notahons must be made on the record to iden@ 

the record 

All data must be r e w e d  m &@tal format on tape disk or other electrmc m d a  Hard copy plots of 

all final records must be made and retamed 

Information about the survey geometry and each source locauon may be wntten on a seismic 

observer's report or form, or recorded UI digtal format on the record header 
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5 4 3 Data Reduction and Interpretation 

Data reduction of seimuc refractlon data has many tecbques dependmg on the data quality and the complexlty 

of the local geology The amval tune of the first breaks are picked on each trace and tunedwtance plots are 

made In most cases the generaked reciprocal method (GRM) prowdes the best techque for reducmg the 

refractlon data The geophysicist should choose a techruque that allows the maxmum extractlon of lnformabon 

li-om the data set 

L. 

Interpretatlon must consider geologcal concepts and known geologcal data hfomatlon from other 

geophysical techques can enhance the mterpretatlon process by nmwmg the number of possible geologc 

models Forward and mverse computer modellmg can prowde a q w k  method to test the potenbal geolopc 

models The final mterpretatlon should present geophysical properties as well as geolopcal equvalents 
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6 0 DECONTAMINATION 

Personnel mvolved unth surface geophysical surveys wdl follow all decontarmnatton procedures as outlmed 111 

the Health and Safety Plan Geophysical equpment whch has been m contact with potenbally contammated 

ground surfaces will be deumtammated acardmg to procedures outhed m SOP FO 3, General Equpment 

Decontarmnabon, as well as any appropnated procedures specrfed m the Health and Safety Plan 

7 0 DOCUMENTATION 

A permanent record of the mplementabon of thls SOP wll be kept by documentmg field observabons and 

data The date of the manufacturer's most recent cahbrabon and &cabon wlll be documented, Ifthls 
mformation is avadable Observabons and data wdl be recorded with black waterproof (permanent) mk 111 a 

bound, w e a t h q m f  field notebook and consecutwely numbered pages Documentabon of completed 

decontammatmn acbwbes wdl be s d a r l y  noted When conductmg SP surveys, data and observabons wdl be 

documented on the Self-Potenbal Survey Data Form (Form GT 18A) 
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